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心转速会 终影响保护剂 (CTAB) 在金属纳米晶体表面的吸附取向，进而起到
清洁表面的作用。 
2. 在液相中合成出立方体形状的 Aucore-Pdshell-Ptcluster 三金属结构的纳米晶
体，系统比较了 Aucore-Pdshell-Ptcluster、 Aucore-Pdshell 和 Pdcore-Ptcluster  等纳米晶体
对甲酸电催化氧化性能的差别，指出三金属纳米晶体作为电催化材料的优越性。













摘    要 
II 
抗 CO 中毒能力明显提高。 
3. 制备出以 {541} 面裸露的六角星形 Au 纳米晶体并证明表面结构与其
电催化活性的关系，不同表面结构的 Au 纳米晶体对抗坏血酸 (AA) 电氧化活
性的顺序是：Au {541} > Au {221}> Au {100}。此外，在 Au {541} 表面外延生
长不同厚度的钯层 (Pd) 和铂层 (Pt) ，研究结果表明，Au Kink 位和 Pd-Pt 结
合位的共同作用会极大提高催化剂对甲酸的电催化活性。 
 
















Noble metallic nanocrystals (NCs) have unique optical, magnetic and catalytic 
properties that can be tuned by controlling the size, shape, chemical composition, 
surface and interfacial structures. More importantly, the systematic study on the 
nature of the exposed crystal facets of the metallic NCs can bridge the gap between 
fundamental interest and practical application. Therefore, the shape-controlled 
synthesis of noble metallic NCs and their properties have attracted great attention. 
Solution-based methods are widely used for the preparation of noble metallic NCs. In 
most cases, a metallic salt precursor is reduced in solution in the presence of 
surfactant, which guides the growth of facets and prevents aggregation of the formed 
NCs. However, as the surfactant always strongly adsorb on the surfaces of NCs, it 
distort and hinds the good catalytic properties of metallic NCs. Therefore，it is a great 
challenge to develop a cleaning method for removing the surfactant as impurity from 
the surfaces of NCs.  
Furthmore, in the study of the anode catalyst in direct formic acid fuel cells, it is 
essentially important to make use of the certain surface structures of noble metallic 
NCs in order to enhance the catalytic activity toward formic acid and the tolerance 
against CO poisoning. Accordingly noble metallic NCs with high index facets have 
drawn more and more attention in recent years. It is highly desirable to prepare bi- or 
tri-metallic NCs that have the much better electrocatalytic properties than 
monometallic NCs in terms of the superior surface and electronic structures.  
This work focuses on the synthesis, surface cleaning and electro-catalytic 
properties of noble metallic NCs. The thesis is divided into three chapters outlined as 
follows: 
1. We developed a preliminary cleaning method based on a centrifugal effect to 
remove the surfactant from the surfaces of noble metallic such as 50 nm Au NCs. The 
cleaned surface can be obtained by choosing the proper centrifugal speed under the 















characterized by Cyclic voltametric and surface-enhanced Raman methods. The 
reason for the centrifugation cleaning method is proposed based on the experimental 
results of DLS, FT-IR, and SERS. It has been found that the proper centrifugal speed 
may inverse the adsorptive orientation of CTAB on the surface and remove the most 
of adsorbates thus to obtain the clean surface. 
2. We synthesized the cubic Aucore-Pdshell-Ptcluster NCs using a chemical 
deposition method and systematically studied their catalytic properties on the 
electro-oxidation of formic acid. The results indicate that the core-shell-cluster 
trimetallic NCs present a much higher catalytic activity than Aucore-Pdshell or 
Pdcore-Ptcluster NCs. The synergetic effect of Au core and Pd-Pt joint sites could 
strongly enhance the electro-catalytic activity of formic acid oxidation and the 
tolerance against CO poisoning at the surface. 
3. Hexagram-shaped Au NCs enclosed by high-index {541} facets have been 
successfully synthesized. The relationship between the surface structure of Au NCs 
and its electro-catalytic activity was characterized by employing the electro-oxidation 
of ascorbic acid as the probe reaction. The catalytic activity of different Au surface 
structures on the electro-oxidation of ascorbic acid ranks in the order: Au {541} > Au 
{221}> Au {100}. In addition, the epitaxial growth of different thickness of Pd and Pt 
layers on Au {541} surface was also achieved. The results show that the existence of 
Au kink structures and Pd-Pt joint sites could greatly enhance the electro-catalytic 
activity toward oxidation of formic acid.  
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